NO (nitric oxide), known as a key signal molecule in plant, plays important roles in regulation of stomatal movement. In this study, microtubule dynamics and its possible mechanism in the NO signal pathway were investigated. The results were as follows: (i) In vivo stomatal aperture assays revealed that both vinblastine (microtubule-disrupting drug) and SNP (exogenous NO donor) prevented stomatal opening in the light, and vinblastine even could enhance the inhibitory effect of SNP, whereas taxol (a microtubule-stabilizing agent) was able to reduce this effect; (ii) microtubules in the opening Arabidopsis guard cells expressing GFP:α-tubulin-6 (AtGFP:α-tubulin-6) were organized in parallel, straight and dense bundles, radiating from the ventral side to the dorsal side, and most of them were localized perpendicularly to the ventral wall; (iii) under the same environmental conditions, treated with SNP for 30 min, the radial arrays of microtubules in guard cells began to break down, twisted partially and became oblique or exhibited a random pattern; (iv) furthermore, the involvement of cytosolic Ca NO (nitric oxide) is a highly diffusible molecule and exerts various bioactivities in plant. In recent years, the important functions of NO in development of plant, salt resistance, as well as programmed cell death, especially its action on regulation of stomatal movement, have attracted significant attention [1][2][3] . During plant-pathogen interactions, plant pathogenic bacteria trigger defence responses through accumulation of NO and expression of defence-related genes, which leads to stomatal closure [4,5] . Under water-stress condition, NO enhances ABA-induced stomatal closure, which reduces transpirational water loss and improves plant's ability of droughtresistance. For example, guard cells treated with NO open significantly less than those untreated (with a reduction of 65% for fava bean), whereas cPTIO (Carboxy-2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide), a specific NO scavenger, preventes ABA-induced stomatal closure [6,7] . It is also reported that Ca 2+ is
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Materials and methods

Plant materials
After cold treatment for 2 or 3 d, Arabidopsis seeds were grown in soil with 1:3 B5 nutrient solution or plated on 1/2 MS medium in growth chamber, with a photoperiod cycle of 16 h light/8 h dark at 22℃/18℃ respectively; Illumination intensity was 120 µmol·m −2 ·s −1 with relative humidity 75%. The fully extended rosette leaves were harvested for the subsequent experiment. with NaOH) respectively. All chemicals were obtained from Sigma Aldrich, Poole, UK. Isolated epidermal strips of Arabidopsis were incubated in MES buffer in the light for 90-120 min to induce stomatal opening, then transferred to the solutions:
μmol/L vinblastine. Stomatal apertures were measured using a light microscope every 30 min and at least 50 stomata were done each time. Each experiment was repeated 3 times and the average value ± SE was calculated.
Confocal microscopy
Leaves of AtGFP:α-tubulin-6 line were incubated in MES buffer in the light for 90 min or in the dark for 2 h. Then treated before images were acquired: (i) 40 μmol/L SNP for 30 min; (ii) 5 μmol/L vinblastine for 90 min; (iii) 40 μmol/L SNP for 30 min prior to 30 min of 20 μmol/L BAPTA-AM incubation. Images were taken with a laser scanning confocal microscope (with object lens 100×, oil; excitation 488 nm, Zoom 4, Leica SP2). At least fifty cells were observed for each experiment. Confocal images were analysed with Photoshop 7.0 software.
Results
Effect of microtubule specific agents and exogenous NO donor on stomatal movements
To test whether microtubule cytoskeleton positively participated in NO-induced stomatal closure, we recorded stomatal aperture before and after treatments of vinblastine, taxol and SNP (Figure 1 ). SNP could promote stomatal closure and delay stomatal opening. The average stomatal aperture was reduced to 80% of the control after 30 min of 40 μmol/L SNP treatment in the light. After 90 min treatment, the decrease in average aperture was 35%. Vinblastine, a herbicide known to disassemble plant microtubules, was used in addition to SNP. The aperture sizes of guard cells in the same white light were far less than the control. After 60 min co-treatment, the inhibitory effect was 15% stronger than SNP incubation alone, which indicated that disruption of microtubules facilitated stomatal closure induced by NO. In contrast, SNP-induced stomatal closure was partially inhibited by taxol, a drug known to stabilize plant microtubules, and relative stomatal aperture was recovered to 87% after 30 min of co-treatment with SNP and taxol. These results demonstrated that depolymerization/polymerization of microtubules cytoskeleton was responsible for NO-induced stomatal closure. 
